The headwater region of inland China is immensely important for sustaining livelihoods and maintaining ecological balance, highlighting the need to characterize and assess water quality in this region. The aim of this study is to acquire a comprehensive understanding of the spatiotemporal variation characteristics of river water chemistry and to identify the sources of major ions in the Binggou River Basin, Northwest China. The results show that the water of the Binggou River is neutral freshwater. SO 4 2À is the major anion, Ca 2+ is the major cation and the river type is Ca-Na-SO 4 -HCO 3 . The concentrations of Na + , Mg 2+ , SO 4 2À , NO 3 À , and total dissolved solid are slightly higher than the global average. The seasonal variations of major ion concentrations in the river are highest in winter but lowest in autumn, whereas the spatial variations are greater in the east branch than in the west branch and upstream compared with downstream. Source analysis of the ions indicates that rock weathering is the main source of ions, followed by human activities such as farmland fertilization and coal burning. Water quality analysis shows that the river water is suitable for drinking and irrigation, but the water quality is relatively poor in areas with more human activity, which indicates that human activity greatly influences water quality.
relationships between total dissolved solids (TDSs) and anions and cations. With the turn of the twenty-first century, academicians in developed countries began concentrating on the relationship between the ion content in the water of large catchments and regional geological lithology and climatic conditions, such as the Amazon basin (Mortatti & Probst ) , the Mackenzie River of North America (Millot et al. ) , and the Lena River Basin in Asia (Huh et al. ) . The water chemistry characteristics of rivers can reflect water quality, and the analysis of river water quality based on water chemistry parameters is also a focus of water chemistry research (Aminiyan et al. ) .
In China, studies of river water chemistry began in the early 1960s. Le & Wang (1963) precipitation in mountain areas are the main sources of supply for the river. As the main river in the region, the Shiyang River supports not only the regional social and economic development and people's livelihoods but also the regional ecological security. However, due to the unreasonable utilization of water resources, ecological, social and economic problems have become increasingly serious, including the deterioration of water quality, reduced groundwater levels, land degradation, loss of biological resources, unsustainable economic development, and intergenerational conflict in water use (Ren ) .
Despite some achievements in recent years, the outlook remains grim. Consequently, better solutions to the water environmental problems in the Shiyang River Basin are urgently needed.
The Binggou River, which is located in the core water source area of the Shiyang River Basin, is one of the National First-grade Drinking Water Conservation Areas.
Thus, this paper analyzes the chemical composition of the river water of the Binggou River Basin in the Qilian Mountains and the upper reaches of the Shiyang River using measured data. In addition, the spatial and temporal distribution and sources of different ions and water quality and the influence of human factors on the river are discussed.
We anticipate that the findings from this study will help basin water resource managers optimize the management measures.
MATERIALS AND METHODS

Study area
The Binggou River is a tributary of the upper reaches of the Shiyang River in the Qilian Mountains. The elevation of the Binggou River Basin ranges from 1,928 to 4,736 m, and the height difference in the whole basin is 2,808 m ( Figure 1 ). The annual average temperature, precipitation, and evaporation are 5 C, 200-400 mm, and 1,300 mm, respectively, with a relatively dry climate. The rock type is mainly granite, and there are massive sulfide deposits of volcanic origin (Wang et al. ) . The basin area is approximately 326 km 2 . As the altitude increases, the main land types are desert, grassland, woodland, alpine meadow, and permanent glacier.
The upstream area is mainly divided into two tributaries.
Compared with the west branch, the east branch is shorter in mileage but broader with numerous small tributaries and a wide basin area. As a result, the west branch is sparsely populated, with only a small amount of farmland along the river banks and relatively few human activities.
By contrast, along the east branch, there are many towns and villages and large areas of farmland along the riverside.
Sampling and analysis
A total of 72 water samples were collected from eight sampling sites (Table 1) 
RESULTS
General hydrogeochemistry
As shown by the results of the sample analysis in (Meybeck ) .
Seasonal variations of hydrogeochemistry
The physical and chemical parameters of the river water in Cl À > NO 3 À in spring and winter and SO 4 2À > HCO 3 À > NO 3 À > Cl À in autumn. The type of hydrochemistry is SO 4 -Ca in all three seasons.
Spatial variations
The spatial variations in the concentrations of major ions in the Binggou River are shown in Figure 4 . TDS, SAL, and other major ions are higher in the west branch than in the main stream, but the pH is the same as that in the main stream (7.77) ( Table 3 ). The hydrochemical type of the east branch is SO 4 -Na, and the hydrochemical types of the west branch and main stream are both SO 4 -Ca (Figure 3) . 
Associations among the hydrogeochemical attributes
The correlation analysis of the ions in the Binggou River Basin is presented in 
DISCUSSION
Rock weathering
As shown in the Gibbs diagram ( Figure 5) , the sampling points are mainly concentrated on the left side of the 
Effects of different sources of river water on ion concentrations
In this inland area of Northwest China, the monsoon season lags slightly, and precipitation is the main source of the supply of river water in autumn. In winter, there is very little precipitation, and the temperature is low; consequently, the groundwater supply is the main source of river water. In the spring, as the temperature rises, melt-water becomes the main source of supply, along with a small amount of precipitation ( Figure 6 ).
The seasonal variations of the ion concentrations in the river showed that, among the three seasons, the concentrations of Cl À , K þ , Na þ , and Mg 2þ are highest in winter.
In winter, groundwater is the major source of river water, and thus, the ions in the river water are mainly carried by groundwater. Granite and sulfide deposits are widely distributed in this area, and the long-term erosion of rocks underground is the main factor affecting ion concentrations in the river. 
Influence of human activities on river water ions
In the upper reaches of the basin, there is little difference in land cover and use types between the east and west branches, but there are significant differences in the distribution of farmland and construction land (Figure 7) . As shown in Table 5 
Suitability of river water for drinking and irrigation
The drinking water quality standard issued by the World Health Organization (WHO) is adopted in this paper (Table 2 ; WHO ). The results show that the quality of the river water is far below the upper limit of the standard range, indicating that the river water is very suitable for drinking. However, Na þ , Mg 2þ , SO 4 2À , NO 3 À , and TDS levels are all slightly higher than the global average for rivers (Meybeck ) , which indicate that the suitability of river water for drinking is slightly worse than the world average. In addition, the water quality is closer to the upper limit of the drinking water standard in the east branch than in the other areas (Table 3) , mainly due to the obvious human activities in the east branch.
The concentration of Na þ is an important index for evaluating the suitability of water for irrigation. High sodium content may lead to the replacement Ca 2þ and Mg 2þ by Na þ , and the displacement of Ca 2þ and Mg 2þ may reduce soil permeability, thus affecting crop growth. Therefore, the suitability of river water for irrigation can be assessed by Na þ % and the sodium adsorption ratio (SAR) (Ramesh et al. ) .
(1)
As shown in Figure 8 , the Na þ % values of the Qilian spring and Qilian River sampling points on the east branch are within the range of 40-60 in the monitoring period,
whereas the values in the other regions are less than 40.
Although these results show that the water of the Binggou River meets the requirements for irrigation, the east branch of the river is approaching the critical value of 60 (Wilcox ). Thus, the formulation of countermeasures is urgently needed to prevent further worsening of water quality. The lower the SAR value of a river, the more suitable it is for irrigation. When the SAR value is over 18, the water quality of the river does not meet the requirements for irrigation (Saleh et al. ) . The SAR value of the Binggou River is less than 10, but the value of the east branch is obviously higher, which is consistent with the results of Na þ %.
CONCLUSION
The results revealed that most of the hydrochemical attributes of the Binggou River Basin show obvious spatiotemporal variations due to the distinct lithology, the seasonal differences in precipitation in the inland arid climate, and the complex interactions with anthropogenic components. The variations of major ion concentrations in the river water are higher during winter but lower in summer and higher in the upstream east branch than in the upstream west branch and, in turn, the main stream. The analysis showed that rock weathering is the main source of ions in the river water, followed by human activities such as farmland fertilization and coal burning. The water quality fully meets the standards for drinking and irrigation, but the regional differences are large, and human activities have a certain impact on river water quality.
